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The Great Transformation to the fully automated vehicle

– Future Mobility

– Impact of vehicle miles travelled and efficiency

– Transition path for automated features to the steering wheel-less car
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Congestion, safety, convenience, accessibility & connectivity 
will result in automated, on-demand mobility

Why did we ever 

allow people to 

drive cars?

Why would you ever 

think of owning your 

own car?

2040~2050
New Value Propositions:

Mobility Service Providers

Instant Availability

Future Mobility

2030-2050
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Future mobility scenarios have significant changes to vehicle 
types and uses and will impact the built environment

Fully 

Autonomous

Multi-

Connectivity

Self 

Parking

On-demand 

Availability

Auto Charging 

(Inductive)

Co-operative 

Platooning
Zero 

Crashes

Utility on 

Demand

Source: General Motors / Shanghai Expo

Societal Impacts of Full Autonomy
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Fuel Economy / CO2 standardsCar Parc VMT

Energy Usage in the Autonomous World

Traditionally fleet emissions are determined based on vehicle 

miles travelled and emissions per mile 

Σ
All drivers

VMT 
per driver

CO2 / Mile
Fleet average

Car Vintage

Real world

Vs

Test Cycle

Propulsion

Efficiency

Hotel

Load
+
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Energy Usage in the Autonomous World

Regulating the CO2 for the fully autonomous world could be 

very different to todays MPG and CO2e approach

Significant increase in 

number of trips

VMT much  greater ?

Unmanned vehicles

Smaller vehicles (POD)s

Lighter vehicles

ZEV powertrains

VMT and Energy use uncertainty

True vehicle CO2 will need to account for well to tank

Vehicle fleet will have new and different vehicles

PODs, Drones, robotic delivery vehicles etc
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Autonomous Driving Levels

Autonomous Capabilities as defined by SAE

Level 3 Level 5Level 4Level 0 Level 1 Level 2

No 

automation

Driver 

Assistance

Partial 

Automation

Conditional 

Automation

High 

Automation

Full 

Automation

Human Driver

Monitors Driving Environment
Automated Driving System

Monitors Driving Environment

Requires driver 

response

The Great

Transformation

Rise Of 

Automation

Valet Parking

Highway Chauffeur

Traffic pilot

No Steering wheel

No Pedals

Ground drones

Source SAE.org and SAE standard J3016

Automated driving features are expected to rise quickly and 
ultimately lead to a transformation of personal mobility

ADAS Features
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Benefits

There are significant societal benefits for connected 

autonomous vehicles both short and long term

Conditional / High Automation Full Automation

• Connectivity

• Platooning possible

• Valet parking

• Congested driving management

• Highway Chauffeur

• Improved Safety

• Improved Quality of Life

• No new access 

• No unmanned trips

• Dynamic routing 

• Marginally higher VMT

• Opportunity for better efficiency

• Fully Automated Transportation

• Mobility 4.0

• Revolutionized future

• Approaching Zero Crashes

• Improved Quality of Life

• Manned and un-manned vehicles

• Ride and ownership sharing

• Much greater accessibility

• Likely much higher VMT

• Improved efficiency of movement

• Move to zero tailpipe emissions

Soon Future

The Great

Transformation

2020 ?

2030 ?

2040 ?
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Opportunities to incentivize deployment of CAV technology through 

benefits to fuel savings and reduced CO2

– Value of Fuel Economy Technologies

– Can fuel economy value help offset cost of CAV

– Example CAV fuel savings in the real world

– Off cycle credits and their potential applicability to CAVs
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Fuel Economy technologies have value in their ability to allow 

OEMs to achieve CAFE compliance 

Diesel (E5) - with DPF

Diesel (E6) with LP EGR

ECO Diesel (E5) with Stop/start

Stop-start (Super Starter)

Micro hybrid (12+X BSG)

Mild hybrid (42v no d/s)

Mild hybrid (+20% DS)

Full hybrid

Full hybrid (+30% DS)

Gasoline (E5)

Twin Phaser VVT
Homo DI + VVT

Lean DI stratified

D/S DI & FGT

D/S DI & cooled EGR

D/S Lean Boosted DI (LBDI)

PFI with VVA
DI with VVA

DI VVA + CAI

Deactivation DI camless

Stop-start (Super Starter)

Micro hybrid (12v BSG)

Mild hybrid (+20% DS)

Full hybrid (+30% DS Atk)
Kinergy Flywheel Hybrid Diesel

2/4CAR Gasoline

HyBoost 12+X Gasoline

Opti-D (E6 with LNT)

2009 Honda Insight

2009 Toyota Prius

Future Mild Hybrid Diesel

Syner-D (E6)

Best in-class Diesel
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Percentage Cost Increase Relative to E5 Gasoline Engine

Diesel Gasoline

US Diesel Ricardo R&D projects

Latest Cars Ricardo client projects

T-SGDI

Syner-D + Mild Hybrid

Projection

2009 Best-In-Class

Gasoline Hybrid

Cost vs. CO2 / Fuel Economy Benefit for Alternative Powertrain Technologies

E5 stop-start (super-starter)
Diesel (E6) - LNT

Diesel (E6) - SCR

2020-2022
Fleet Average CO2 / FE

Requirement for US & Europe 

T-SGDI

Hybrid market share will develop

as cost effectiveness improves

Fuel Economy Value

Cost Increase compared to Gasoline Engine
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Connected Autonomous Vehicle

CAVs require a significant increase in complexity and hence 

have additional costs for sensors, processors and controllers

Source: Texas Instruments white paper  - “Making cars safer through technology innovation”, Staszewski, R. and Estl, H.

RADAR – Radio Detection 

and Ranging (Radio 

Waves)

LIDAR – Light Detection 

and Ranging (Laser)

Types of Cameras

- Color

- Monochrome

- Stereo (3D)

- Infrared (Night Vision)

- Thermal

Other forms of communication

Useful for positioning, localization, 

highway conditions and other real-time 

data

- Satellite

- Radio/ DSRC V2V communications

- V2I radio communications
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Platooning reduces vehicle drag and can yield 5 –

15% fuel savings

Optimizing speed, energy storage and HVAC based 

on real world data - 5- 10% fuel savings

Fuel Economy Benefits

Although technology is often safety/convenience focused, 

CAVs can yield real world fuel economy benefits 

Example Fuel Economy Benefits from CAVs 
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Efficiency Focus Technology Examples

Active Aerodynamics Grill Shutters

Ride Height Adjustment

Thermal Control Technologies Passive Cabin Ventilation

Active Cabin Ventilation

Active Seat Ventilation

Special Glazing

Solar reflective surface coating

Engine and Transmission warmup Active Engine Warm up

Active Transmission Warm up

Energy Savings Engine Idle Stop-start

High Efficiency LED lights

Solar panel

Off Cycle Credits

OEMs have already claimed off cycle credits for a range of fuel 

efficiency technologies which provide real world savings

Examples
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Test Cycles

Although standard cycles can support certain off-cycle 

credits, CAVs will need to prove benefits in on-road driving

Cycle name City Highway High Speed Air Conditioning Cold

Cycle number FTP HWFET US06 SC03 FTP20

Miles 11.04 miles 10.26 miles 8.01 miles 3.58 miles 11.04 miles

Time 1874 secs 765 secs 596 secs 596 secs 1874 secs

Average MPH 21.2 48.3 48.4 21.6 21.2

Source: FuelEconomy.gov

• Standard FTP and Highway tests used for regulated vehicle fuel economy and 

CAFE and CO2

• Supplemental cycles are used to represent real world or ‘on-road’ fuel economy

Standard US Test Cycles

CAV benefits will not be captured by dynamometer testing over a prescribed test cycle

N/A
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Benefits Challenges

• CAV technology can yield fuel savings / CO2 

reduction which would not be measured on 

standard test cycles

• There is a societal benefit for wider deployment 

of CAV technology (reduced accidents and 

better quality of life during trips).

• Fuel economy savings have value to OEMs in 

meeting CAFE and CO2.  Off-cycle credits 

could help offset the CAV technology costs

• Fuel savings from CAVs can be depend on 

availability of real world data (V2I), and local 

driving conditions

• Initially it is likely the driver will need to be 

active in deciding if the technology is used on a 

certain trip.

• Fuel economy test procedures may eventually 

be required to adapt to the new 

autonomous/connected world

Opportunity for Off-Cycle Credits

Considering off-cycle credits for CAVs may be beneficial for 

enabling wider deployment, but has challenges
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Contact details

www.ricardo.com

Ricardo Strategic Consulting 
Santa Clara Technical Center, 

3450 Bassett St

Santa Clara, CA 95054

Dr Marc Wiseman

President

Mobile: +1 925.858.5622

marc.wiseman@ricardo.com


